ABSTRACT: Adipocere formation depends upon multiple environmental factors. In comparison with temperate countries, it usually develops early in the subtropical climate. We have studied a retrospective data of 31 cases with adipocere formation at Department of Forensic Medicine at All India Institute of Medical Sciences, New Delhi. Most of the cases were recovered during the month of May to October from closed rooms at home, open grounds, open forest areas, various water sources, and riverbanks. The time duration of recovery from the time of death was from 12 h to 7 days 12 h. In 10 cases, adipocere formation was seen within 2 days, and in four male cases among them, the adipocere formed within a day. Most of the bodies showing adipocere formation within 2 days were recovered from land. These facts showed that subtropical climate having hot and humid weather promotes early adipocere formation compared to temperate climate.
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Adipocere is a crumbly, soap-like postmortem product that forms in the soft tissue after death. It is a modification of the process of putrefaction. In this process, the body fat breaks down into free unsaturated fatty acids by endogenous lipases, and then, hydrogenation of unsaturated fatty acids occurs in the presence of bacterial enzymes giving rise to saturated fatty acids, such as palmitic acid, stearic acid, and myristic acid. Free fatty acids then conjugated with metal ions such as Na + , K + , Ca 2+ , and Mg 2+ to form an insoluble soap (1, 2) . The process of adipocere formation is affected by various factors such as body fat, clothing, age, and sex of the deceased, and the environment. This process requires the presence of anaerobic bacteria and warmth, moisture, and anaerobic environment. In contrast, cold temperature, lime, and aerobic conditions can inhibit its formation. Moisture appears to represent an important factor in the formation of adipocere, the source can be from the environment or from the body itself (1, 2) . Fresh Adipocere is soft, moist, whitish, and translucent in appearance with rancid odor, while old adipocere is dry, hard, cracked, yellowish, and brittle (3) .
The timing of formation of adipocere is highly variable based on various factors as described. In a temperate climate, it can begin forming within a few days after death, becomes apparent after about 3 months, and its extensive conversion usually requires 5-6 months (1,4). Once formed, adipocere can persist for hundreds of years, acting as a preservative for the body (1).
Northern India is having a predominantly subtropical climate with wide seasonal changes in temperature in comparison with a temperate climate ranging from a maximum of above 40°C (104°F) in the summer and to a minimum of below 0°C (30°F) in the winter. It also has a wet climate (5) . Thus, this climate pattern in India leads to the earlier formation of adipocere than in a temperate climate, with Indian textbooks quoting the beginning of an adipocere within 3-4 days and complete conversion in 3-6 months (3). However, no study was carried out on this issue.
In this study, we retrospectively studied cases with adipocere formation to determine the time duration of adipocere formation in this northern region of India.
Material and Methods
For this study, autopsy cases were analyzed for the last 6 years from 2010 to 2015, retrospectively from the archives of the Department of Forensic Medicine of All India Institute of Medical Sciences, New Delhi. The cases with adipocere formation to any extent with the known time of death were included in this study. Cases of septicemic deaths or apparent infection were excluded from the study, as the bacteria are one of the important factors in adipocere formation.
Details of the circumstances of death, the cause of death, surroundings from where the body was recovered, and the condition of the body were noted along with the demographic profile of the deceased in a predesigned proforma. Adipocere formation of the body tissue was diagnosed by its characteristics, such as ammoniacal smell, soft, moist, and greasy consistency, and grayish white appearance. Two forensic medicine consultants had confirmed the adipocere formation by its gross appearance in all of the cases at the time of postmortem examination of the body.
Result
There were total 37 cases with adipocere formation during the study period. However, only 31 cases (24 male and seven female) were included in this study, as six cases were not meeting our criteria about the certainty of time of death. The cases were directly brought for postmortem examination without any preservation.
All the cases were recovered from the South Delhi region of northern India. The cases were recovered from lands, such as closed rooms at home (15 cases), open forest areas (five cases), and open grounds (four cases), and from water sources or riverbank (six cases). One case was exhumed by police from a jungle after 3 days of death ( Table 1 ). The time duration between death and postmortem examination was varying from as low as 12 h to a maximum of 7 days 12 h. Duration of the time gap between the death and the postmortem examination of the body was 21 h to 7 days 12 h for the bodies lying at home, 12 h to 3 days 8 h for the bodies recovered from open areas, and 1 day 4 h to 7 days for the bodies recovered from water sources. In our series, there were 10 cases (nine males and one female) in which adipocere formation was seen within 2 days and in four male cases among them it was seen within a day ( Table 2) .
Most of the cases (27 cases, 87%) were seen during the month of May to October (summer and rainy season), and only four cases were seen during the month of December to April (Table 3 ). There was no air conditioning in the closed room from where the bodies were recovered. No case was lying in the open under the rain during the rainy months.
Most of the persons (21 cases, 68%) had died due to various unnatural causes, and there was only one case of natural death. In nine cases, the cause of death remained undetermined at the time of autopsy awaiting toxicology reports; however, they had suffered sudden unexpected deaths and the probable cause was a natural one involving cardiopulmonary system.
All the deceased were fully clothed with one to two layers of clothing, however, textile of the clothing was not described in the reports evaluated for the study. Clothes on the body of the cases recovered from lands were dry, while the cases recovered from water sources were wet at the time of recovery.
The extent of adipocere formation was ranging from part of the trunk to the whole body (except feet). The bodies recovered from the water sources showed more extensive involvement in comparison with the cases recovered from lands with same time duration of exposure ( Table 4) .
Age of the deceased was varying from 4 to 62 years. The extent of adipocere formation was not different among the agegroups, taking into consideration of the duration of exposure and sex of the deceased. Female bodies were recovered mostly from home; only one female was recovered from a water source and one from an open ground. They showed the formation of adipocere over a larger proportion of the body than males with the same circumstances of death and with same time duration.
Among the excluded six cases, five were male and one was female. All the bodies were recovered from a non-air-conditioned house during the month of May to October. They died due to various unnatural causes. Duration of exposure till postmortem examination was varying from 3 to 7 days as opined by the autopsy surgeon in the autopsy report. The extent of Adipocere formation varied from the front of the trunk to all over the body (except hands and feet) correlating with the duration of exposure.
Discussion
Adipocere is forensically important as it can help in determining identification, injury pattern, the cause of death, and time since death. However, time since death determination with adipocere is not as precise as with other postmortem changes (2) . Adipocere formation is a modification of putrefaction, which occurs in a specific environment. Warm, anaerobic environment with moisture favors it, while cold, aerobic environment inhibits its formation (1, 2) . Apart from the environment, it also depends on personal characteristics. Adipocere formation is more frequently seen in females, in well-nourished newborn infants, and in the obese (4) .
Most of the cases in our study were seen in the month of May till October when the weather was hot and humid, and the average room temperature was between 27 and 39°C with humidity between 20% and 90% (6). These findings are consistent with the environmental requirement for adipocere formation.
Only 6 of 31 cases were recovered from water sources in this series while the rest of them were recovered from lands in a dry condition, which suggests the fact that tissue water is sufficient for the process and external water is not needed as described by Forbes et al. (7) . They found in their experiment on adipocere that no external moisture is necessary for the formation of adipocere. Sufficient amount of water is present in the decomposing tissue to form adipocere. The only difference between these two groups in our study was that adipocere formation was more extensive in the cases recovered from water sources, as was stated by Forbes et al. (7) that the presence of excess water enhances the rate of conversion into adipocere.
In our study, age-group ranged from 4 to 62 years and we could not find any correlation of age with the extent of adipocere formation. However, females showed more extent of adipocere formation than males with the same duration of exposure and in the same circumstances, as pointed in various studies too (3,4) . In our series, there were 10 cases in which adipocere formation was seen within 2 days. These cases were of: (i) A 62-yearold man and a 23-year-old man found dead in a jungle who showed adipocere formation within 12 h, (ii) a case of ligature strangulation of a 13-year-old boy in which adipocere formation was seen within 21 h, (iii) a 35-year-old male body that developed adipocere within 1 day, (iv) drowning of a 55-year-old man who took 1 day and 4 h for adipocere formation, (v) a 17-year-old male body that developed adipocere within 1 day 8 h, (vi) a 59-year-old woman who died due to unknown cause and shown adipocere formation in 1 day and 15 h ( Fig. 1) , (vii) a 47-year-old alcoholic man who showed adipocere formation 1 day and 17 h and died due to alcoholic intoxication, (viii) a 42-year-old man who hanged himself and showed adipocere formation in 1 day and 20 h after the death, and (ix) a 30-year-old man who was found in a sewer and developed adipocere within 1 day and 22 h (Fig. 2) . Four more cases showed adipocere formation within 3 days. Most of the cases, in which adipocere was formed within 2 days, were recovered from a house, an open field, or a forest; only two cases were recovered from water sources. Cases recovered within a day showed adipocere formation over the trunk only with the exception of one case where adipocere involved adjacent left upper limb too. Cases recovered after a day showed more extensive involvement involving upper and lower limbs too. Cases recovered from water sources showed adipocere formation over a larger area of the body than the cases recovered from other spots.
This type of early adipocere formation was rarely studied in India except in the form of a few case reports such as one by Mohan Kumar et al. (8) where adipocere formation was seen within 3 days. In their case, the body of the person was recovered from a marshy pond within 65-66 h of death in the month of October. The body showed extensive adipocere formation with preservation of a gunshot wound. They had discussed various studies where a time period of adipocere formation was 3-15 days with the bodies recovered from Hooghly River of Kolkata. Mohan Kumar et al. (8) reasoned that the warm temperature, high humidity, and submersion of the body had contributed to the early formation of adipocere. Likewise, Praveen et al. (9) reported a case of adipocere formation in a nonburied body in a domestic setup starting as early as 1-2 weeks. In our study, six cases were recovered from water sources and the rest were from the house or jungle. It shows that climate being favorable, external water source or moisture is not needed for adipocere formation.
Simonsen (10) reported a case of adipocere formation within 22 days of death during the month of August. The body was recovered from sea beach at Danish-German border, and the appearance suggested that the body was submerged in water for some time. Adipocere formation was present all over the body. In their review of the literature, they found that the minimum time required for adipocere formation in Europe was at least 3 months. They argued that the temperature was 30°C above the normal temperature during that time period and the climate condition was close to tropical one which led to the early adipocere formation.
In most of these reported cases, the bodies were recovered from water sources which very well explain the phenomenon of so early formation of adipocere as Forbes et al. (7) pointed out that the presence of excess water enhances the rate of conversion into adipocere. However, in our scenario, only six cases were from water sources, but they show more extensive adipocere formation than the other cases.
These case reports and findings of this study suggest that adipocere formation is faster in a subtropical climate and with the hot and humid weather. External water is not a prerequisite for adipocere formation, but it does enhance the rate and extent of adipocere formation.
